Introduction
The movement of goods is an essential factor in the economy of cities, regions, and countries. In recent years the quest for sustainability has motivated policy makers to find strategies that reduce the externalities produced (e.g., congestion, pollution, noise) while protecting and enhancing its economic benefits. 1 It is crucial to understand the patterns of goods movements to be able to formulate alternatives that advance sustainability and economic progress.
Freight activity is difficult to understand because there are many actors involved (e.g., shippers, carriers, distributors, freight forwarders, receivers) involved in multiple industry segments and not much information is available about how they operate. As a result, characterizing freight patterns require a multi-layer and multi-actor approach. Goods movements can be broadly divided in three clusters: (1) the flows of commodities resulting from economic transactions that arrive through international gateways (e.g., ports, airports) and are then transported to manufacturing districts or to wholesalers for distribution; (2) the flows of commodities that are consumed by manufacturers, transformed, and then shipped again to local or international destinations; and (3) the flows of commodities that are distributed for final consumption (e.g., supplies for retail stores). These three types of flows converge in urban environments. While most of the attention has traditionally focused on the first and the second clusters because they move the largest amounts of cargo, the bulk of freight trips-and their negative impacts-are produced by urban deliveries, that are actually the focus of the "City Logistics" initiatives.
Complicating things there is a lack of data about freight demand, especially in developing countries. The lack of data is the result of multiple factors: the difficulty of collecting the data, lack of awareness about the importance of proactive public-sector involvement in freight transportation management, the cost of collecting the data, among other reasons.
The recent data collection in Medellin (the data were collected in 2011-2012 by the Universidad Nacional de Colombia at Medellin-that is the focus of this paper-is an interesting case because it is a comprehensive effort to characterize a city's freight activity patterns.
The freight study reported in this paper is unique because it pilot test the freight data collection approach outlined by [1] . This innovative approach pieces together different surveys to carriers, receivers, manufacturers, and others; and combines data collection and modeling to obtain fine-level detail of freight activity. Additional details are presented in section 5.
To the best of the authors' knowledge, this is the first freight survey done in the Metropolitan Area of Medellin; for that reason, the results obtained are essential to support freight policy making in the Medellin Metropolitan Area. The lessons learned in this effort are relevant to countries all over the world where there are limited resources for freight data collection. This paper has five additional sections to this introduction. Section 2 gives a background summary of freight studies. Section 3 presents the description of the case study characterizing the cargo in Medellin. Section 4 shows the data collection conducted. Section 5 analyses the results emphasizing on freight generation patterns. Finally, Section 6 summarizes the main findings and conclusions.
Background summary on freight studies
To understand the system as a whole, relevant data need to be collected. Usually this information is obtained through surveys that are carried out at different places. The movement of cargo in a region can be captured basically from three types of freight surveys that complement each other (1) establishment surveys that target the producers and consumers of goods to estimate freight production and attraction inside the urban area; (2) distributor surveys that capture information on goods movements through intermediaries but sometimes are difficult to conduct because of the confidentiality of the data; and (3) carrier surveys that quantify freight patterns in terms of commercial vehicle flows in the transportation network [2] . Considering the information that can be captured from different type of surveys, professionals in charge of estimating freight demand in urban regions must identify the commercial characteristics of the city in order to select the best type of freight surveys to be conducted. It is important to note that typically one survey type cannot capture all the freight information in a region. For example, origin-destination surveys-which are the most common method to obtain information of truck travel patterns in a city-do not allow to draw a complete picture of all the freight patterns in a city because they miss freight data (e.g., traffic counts, freight generation) to represent the freight traffic flows on the transportation network.
Allen, et al. [3] presented a complete revision of 162 studies of urban freight that collected urban freight data from the 1960's to 2008 in 18 countries. Only 28 studies were made in the period 1960-1989. The rest (134) were made from 1990 to 2008 showing an increment of the practice in recent years, especially in Europe. This increase in the number of freight studies could be due to new techniques in collecting data and interest of the public sector in the freight movements. However, it is important to note that many freight data collection efforts are not published in journals or in English. Most of them are reports written in the language of the region/country that sometimes are not disseminated or simply archived. This paper describes the process followed and presents the results obtained from a multilayer data collection approaches based on Holguín-Veras and Jaller [1] . This approach includes a cordon survey, an establishment-based survey, and a carrier survey. This gathering of freight data is essential to city planning due to the economic implications of it. The study presented here provides an example of how the freight information collected in Medellin was used to obtain freight patterns of this developing city, and eventually the process could be applied in similar urban areas. 2 
Area description
The Medellin Metropolitan Area (MMA) includes the city of Medellin (the second largest city in Colombia) and nine other urban areas, with approximately 3.5 million inhabitants and 67,800 commercial establishments (19.4 establishments for every 1000 inhabitants) in 2012 [4] . Medellin is an important industrial city in Colombia due to its manufacturing activity and its contribution to GDP, the largest one after Bogota, the capital [4] . The MMA has an international airport to plays an important role in the import and export of goods, especially flowers.
The Northern counties represent 15% of the population but account for less than 4% of the establishments in the study area; a likely consequence of the low income nature of this part of the metropolitan area. Conversely, the Southern counties, with a similar share of population, concentrate 10% of the establishments. This reflects their relatively high income and the presence of manufacturing in this part of the MMA. The urban core, Medellin, gathers 70% of the population and about 85% of the establishments. Needless to say, the urban core plays a major role in terms of commercial activity, suffering the largest freight-related traffic impacts, even in the main road corridor that traverses the city.
The zoning system used in the study consists of 456 transportation analysis zones (TAZs). Those TAZs are based on previously studied areas/regions of the city [4] that facilitate the analyses of the results and comparison with previous transportation studies. The geographical distribution of the establishments in the city of Medellin-where the freight surveys took place-is shown in Fig. 1 . The blue color indicates less presence of establishments while the red color indicates the opposite.
The circles in the figure show the Central Business District (CBD) and El Poblado-a dense commercial area in the south of Medellin where the highest income population live, which is emerging as a secondary business district-. The CBD and El Poblado concentrate more than 60% of the commercial establishments in the metropolitan area, which generate large freight and trips movements in the area. The areas with no establishments (blank spaces) in the map correspond to hills, rivers, and the like.
Data collection
This section describes the methodology conducted to obtain the freight data in the study area. The first subsection explains different freight surveys. The second subsection summarizes the freight surveys conducted in the study.
Brief description of overall approach / methodology
This paper is based on the work done by Holguín-Veras, et al. [5] . The authors identified the main freight demand modeling techniques, determined their main data requirements, proposed a data collection methodology combining multiple methods, measuring different units and targeting multiple agents to obtain a comprehensive view of freight activity. In doing so, the authors proposed a data collection framework that includes establishment-based surveys (receiver, shipper, and carrier), trip intercept-based surveys, cordon surveys, vehicle-based surveys, and tour-based surveys. They suggested that the data collected should meet the expectation of the planning agency that is going to use them, should be cost-efficient, should be oriented to fill data gaps, and become the basis for freight demand synthesis. In other words: "the best approach will be the combination of data collection procedures (that best fits the needs and constraints of the participating agencies)" [5] .
The main intent of the freight data collection effort was to characterize the freight activity that takes place in all stages of the supply chains in the MMA. Some of the key data to be collected includes: 1) origin and destination of the trip; 2) commodities being transported (quantity, unit, weight, and industrial sector); 3) commercial vehicle being used (vehicle type, vehicle configuration, number of axels, number of stops per tour, capacity, percentage of cargo transported, and load factor); 4) vehicle delivery/collection trips at establishments; 5) goods flows to/from establishments; 6) loading/ unloading activity of goods vehicles; 7) parking activity of trucks; 8) trip details and patterns of goods vehicles; 7) conveyance of goods between vehicles and establishments; 10) origin location of goods flow/vehicle trip to establishment; 11) supply chain management between establishments, their suppliers and freight transport operators; and 12) Goods order (food/pharmacy) from stores nearby.
Some of the key mechanisms to collect freight data include:
Cordon survey: During the week days, it is common that about 50% of the traffic entering the city is comprised of large trucks, thus the importance of measuring the entering flows though cordon surveys [4] . The questionnaire should contain questions about origin and destination of the trip, commodities being transported (quantity, unit, weight, and industrial sector) and the commercial vehicle being used (vehicle type, vehicle configuration, number of axels, number of stops per tour, capacity, percentage of cargo transported, and load factor). Establishment survey: The establishments need to be geo-located and classified in industry sectors using an appropriate classification system differentiating between freight-intensive sectors (e.g., mineral; construction; manufacturing; accommodation and food, transportation; wholesale trade; retail trade; food) and service-intensive sectors (e.g., finance, insurance and real estate; service industries; public administration). The data need to be collected through surveys. A set of expansion factors, relating the sample to the universe for each industry code, needs to be applied to the survey results to obtain the overall picture of internal freight activity. The questionnaire should contain questions about vehicle delivery/collection trips at establishments; goods flows to/from establishments; loading/unloading activity of goods vehicles; and parking activity of service vehicles. Carrier interviews: to complement the establishment and cordon surveys, a carrier survey should be conducted to companies and truck drivers at the urban area to validate some practices of behavioral aspects of the urban deliveries and logistics practices for different industry sectors. The questionnaire should contain questions about trip details and patterns of goods and service vehicles; conveyance of goods between vehicles and establishments; and supply chain management between establishments, their suppliers and freight transport operators. The survey should be done with the help of the private sector officials of the city to facilitate the process.
Data collection
The data collection procedure used by the authors was based on the following components:
Cordon survey: The survey was conducted between October and November of 2011 to 2950 commercial vehicles (17% of the incoming flow) in 11 tollbooths in the boundaries of Medellin to capture the flows entering and exiting the city. The surveys were conducted, for security and practical purposes from 6 AM to 7 PM and with the help of the highway police. Establishment survey: The establishments were geolocated and classified in 20 industry sectors using the International Industrial Uniform Code (IIUC) [4] . Thirteen sectors were classified as freightintensive sectors (e.g., mineral; construction; manufacturing; accommodation and food, transportation; wholesale trade; retail trade; food) while the other seven are service-oriented (e.g., finance, insurance and real estate; service industries; public administration). The geo-location of the establishments in the study area made possible the design of a sample that respects the geographical breakdown of establishments with about 13% at north, 13% at south, and 74% in Medellin. The sample was randomly drawn across the ten municipalities of the region. Only 1% of the establishments listed were not considered in the sample because they are located in rural areas not covered by the survey. Similarly to the geographical distribution, the sample was designed to reproduce the distribution of industry segments with the exception of the large establishments (more than 200 employees), due to lack of data for this type of establishements. Most of the IIUCs were considered in the sample. The only exceptions were agriculture, livestock, fishing (usually not present in urban areas), other housing service activities, and other services. The data were collected through surveys in 4 months (between February and May of 2012) with a sample of 2947 establishments (4.4% of the total). About 2% had major errors and were excluded from the expansion procedure. A set of expansion factors, relating the sample to the universe for each IIUC, were applied to the survey results to obtain the overall picture of internal freight activity. Carrier interviews: to complement the establishment and cordon surveys, a carrier survey was applied to ten companies and 130 truck drivers at the urban area to validate some practices of behavioral aspects of the urban deliveries and logistics practices for different industry sectors. The survey was done with the help of the police, which collaborated in this process in 2012. Table 1 summarizes the freight data used for the study. Once the data were collected and cleaned, the authors proceeded with their descriptive analysis that is presented in the next section.
Results
This section presents the descriptive analyses of the data. The first part of the section describes the results for the cordon surveys, while the second presents the results for the establishments, and carriers, surveys. The results should be analyzed as a global finding because each freight survey complements the rest.
Cordon surveys
The results from the cordon survey provide a panoramic view of freight flows of the MMA. The results show that 33,274 tons enter the metropolitan area every day; 35,240 tons leave it, and additionally, 27,653 are external to external flows. An additional 2400 tons of trash as well as 8000 tons of construction materials waste (debris) are produced and transported every day within the metropolitan area. 3 The external-internal and internal-external flows are similar (30% of the total each) and 85% of the cargo is transported by trucks. Inside the region, 15% of the cargo is composed by the flows between small establishments, debris, and trash.
The results of the cordon survey show that considering all the cargo in the city, the amount of freight moved per person in the Medellin Metropolitan Area is about 25 kg/day (total cargo divided by population), without taking into account the freight passing through the region. This value is an interesting indicator related to the intensity of freight activity and consumption patterns in the region. 4 The amount of cargo consumed by person in a city is related to the proportion of freight activity (population and number establishments) in the regions and to the purchasing power of people.
5 Table 2 shows the commodities transported by vehicle type. As shown, in terms of daily trips, 17,550 commercial vehicles enter, leave, or pass through the metropolitan area, and 22% of the total trips are empty. This proportion of empty trips is a typical pattern in Colombia and other countries [6] [7] [8] [9] . Moreover, in terms of freight trips, the results show that only 10% of daily trips are external trips, the remaining 90% are internal. It is noteworthy that 21% of the cargo is transported in large trucks with large shipment sizes. This reflects the fact that the majority of the cargo inside the city is being transported in small trucks, autos, and motorcycles (79%). That produce 90% of the daily freight trips without doubt the large traffic or small trucks create negative externalities such as congestion, emissions, and noise. The commodities transported that have the largest market share in the MMA are: Manufacturing (22%), Food (21%); Parcels (13%), Construction (11%), Chemicals (8%), and Animals (3%). The results also indicate that approximately 4% of the vehicles entering the region were light vehicles (autos, pick-ups, and motorcycles), 11% small trucks and 71% medium trucks and 14% large trucks. These shares of vehicle types are different from the ones in the city where small vehicles are the most common. The vast majority of the vehicles in the cordon survey are medium-large trucks (85%) which transport large amounts of cargo in and out the city.
In terms of trip chains, the surveys inquired about the number of stops per tour by commodity type. As shown in Holguín-Veras [10] , the number of tours depends on the characteristics of the country, city, type of truck, the number of trip chains, type of carrier, service time, and commodity transported.
In terms of commodity type, the authors found that the average number of stops vary between 1 (e.g., magazines, coffee, leather) and 10 (e.g., lubricants, beverages, aluminum) with an average of 2.6 stops per tour as shown in Fig. 2 . Moreover, in general 66% of the trucks make 1 stop (only one destination), 31% make between 2 and 10 stops, and 3% make more than 10 stops. As expected, the frequency reduces as the number of stops increases.
Establishment and carrier surveys
The results from the establishment survey provides a panoramic view of freight production and attraction in the metropolitan area of Medellin. Although the cordon survey showed that about 33,000 tons enter and leave the area of study every day, the establishment survey shows that about 7000 tons are transported between small and medium size establishments; and 1000 tons have a destination outside the region, then the freight movement inside the metropolitan area reaches 6000 ton/day. In terms of trips, the bulk is generated by urban deliveries. Small establishments produce and attract 94,000 trips which is about 6 times the near 17,000 truck trips captured in the external cordon survey. In contrast, the tonnage entering and leaving the region is near 12 times the tonnage produced and attracted inside the MMA. Considering the number of trips and cargo, we noticed that large establishments (establishments with more than 200 employees) is not the main source of the freight traffic, but the large number of trips of small vehicles are produced inside this area to distribute the cargo. The analysis shows that 71% of the establishments do not have storage space. This creates the imperative need for frequent deliveries. It was also found that 45% of the establishments open between 7:00 and 8:00 a.m., and 40% of the establishments close between 5:00 and 6:00 p.m. 87% of the cargo by tonnage is moved by trucks, pick-ups and autos, the remaining 13% if transported by motorcycle. Data show that 70% of the trucks park in the street for loading/unloading (in 20% of the cases they reported to park illegally though the real number could be higher). Of great interest to this paper, the average time for loading/unloading vehicles is 18.5 min. This is a general average for all sectors because the loading/unloading activity was variable even in the same industry sector. These long parking times, combined with the lack of appropriate loading/unloading facilities, have negative effects in terms of street blockages and the resulting congestion. Table 3 shows the breakdown of trips and tonnage by industry sector. After applying the expansion factors to the samples, the total number of trips and tonnage were computed by industry sector.
A breakdown by industry sector reveals that most of the observations are in the wholesale trade sector (34%), retail (28%), and accommodation and food (16%). In terms of business size, most of the establishments in the sample are small to medium-sized, i.e., less than 50 employees (90%). Furthermore, 90% of the establishments in Medellin have less than 10 employees, and 8% have between 11 and 50 employees. All these establishments are micro and small business with an average of 3.2 employees.
The results indicate that the large freight generators (e.g., large buildings, universities, hospitals) concentrate 26% of the cargo with only 4.6% of the trips in the city. The manufacturing, retail, and services sectors concentrate about 80% of the deliveries and 53% of tonnage. Every delivery of these three sectors weights on average less than 50 kg. If the large generators are included the number of deliveries reaches about 85% and the tonnage around 80%. In terms of the delivery size, the average looks small with 64 kg per delivery. It could be due to the high presence of the retail sector in the city logistics. However, large generators receive the heaviest deliveries with 361 kg, and other sectors like wholesale trade receive 110 kg per delivery on average. Another interesting finding from the study was the vehicle classes used to transport the freight within the metropolitan area. Table 4 shows the daily breakdown of trips and tonnage by vehicle class for the sample.
As shown in Table 4 , more than two thirds of freight inside the metropolitan area are transported in trucks. Another 33% of freight is transported in smaller vehicles: 11% transported by pickups and vans, about 9% by cars and about 14% by motorcycles and bicycles. As shown, bicycles and motorcycles produce a large amount of trips (14%) and transport a small amount of tonnage (5.5%). Tables 5, 6 , and 7 present the descriptive statistics of the different economic sectors for selected business attributes of Freight Intensive Sectors (FIS)-industry sectors that generate more freight-, Service Intensive Sectors (SIS)-industry sectors that generate less freight and more services-, and all commercial establishments, respectively.
As shown in Tables 5, 6 and 7, the economic sectors can be broadly classified as FIS (freight-related) and SIS (service oriented). The former includes establishments where the main economic activity depends on cargo handling (e.g., manufacturing, wholesale, and retail establishments), while for the latter the main source of revenue are service activities (e.g., public services, financial services). The overall average for employees per establishment is 9.1 employees. The average employment for FIS establishments is 8.8, while the average for non-FIS ones is 10.2. The transport/warehousing sector has the highest average of employees per establishment (39.7), followed by service-oriented sectors education (17.13), health and social services (17.13), and financial services (17.01).
In terms of area, the overall average is 157 m 2 ; FIS establishments are, on average, 162.4 m 2 ; while servicerelated establishments are 158.2 m 2 . The largest area per establishment is found in the education industry (288. 4 m 2 ), followed by medium manufacturing (258.5 m 2 ) and transportation and warehousing (211.8 m 2 ); while, the smallest area per establishment is found for mining (87.3 m 2 ), fuel/lubricants distribution (85.9 m 2 ), machine renting (83.9 m 2 ), and utilities (53.3 m 2 ). Although there is a large variance of business size within a single sector, these numbers shed light on the type of establishments included in those sectors.
As expected, FIS establishments generate, on average, more freight (freight attraction plus production) than establishments in mining, heavy manufacturing and transport/warehousing are among the ones with the lower freight generation for freight-intensive sectors with 55.7, 56.8, 82.9 daily kg/establishment respectively. The latter could be a result of the type of activities covered by these sectors in the area of study. Mining covers extraction of stones and oil, and other mining support activities, which are not very common in Medellin. Heavy manufacturing covers motor vehicles, trailers and semitrailers, machinery and equipment, and the like that is not very common in Medellin either, that could explain the low values of freight generation in those sectors in the city. Those values are much higher in other places of the country (e.g., el Cerrejón) and Medellin just receives the cargo (freight attraction) more than sending the cargo (freight production). For SIS, average freight generation does not exceed 40 daily kg/establishments with the exception of other services (163.4 daily kg/establishment). In essence, these numbers confirm that freight generation tends to be higher for freight-related establishments than for service-related ones.
In the case of freight trip generation (attraction plus production), FIS establishments generate, on average, more freight trips than service-oriented ones, with 2.3 and 1.0 daily trips/establishment respectively (more than 2 times larger). Furthermore, the data shows that 70% of establishments only receive shipments while about a 30% also send shipments to their customers. Among the freight-related sectors, retail, medium manufacturing and construction have the highest freight trip generation with 4.4, 3.1, and 2.4 daily trips/establishment, respectively; while heavy manufacturing, machine renting and fuel/lubricants distribution have the lowest with less than 1 daily trip. For service-related sectors, financial services, education and health and social services have the highest freight trip generation with 1.7, 1.4 and 1.4 daily trips respectively. It is noteworthy that some This survey inquired about the number of vendors (small suppliers located in the CBD), which is not a common practice for freight surveys. This information can provide valuable insight on the type of activities taking place for each sector and to explain freight trip generation. As shown in the tables, the sampled establishments have 3.6 vendors per establishment on average. Freight-related sectors have on average 3.7 vendors per establishment; while service-related sectors have 2.9 vendors per establishment. The sectors with more vendors are mining (5.5 vendors/establishment), medium manufacturing (4.6 vendors/establishment), light manufacturing (4.1 vendors/establishment) and retail (3.87 vendors/establishment). For service-related sectors, the averages are more homogenous with all of them having between 2 and 3 vendors per establishment.
These descriptive statistics highlight the differences across sectors and depict the different freight and business size patterns. One important observation is that sectors with higher business size are not necessarily the ones generating more freight or freight trips; also, sectors with the highest freight generation are not necessarily the ones with the highest freight trip generation. This can be explained by the different shipment sizes and the types of freight vehicles used in different sectors.
Planning implications
Considering that 1) there is a profound lack of information about the amount of freight, freight trips and service trips in urban areas; and 2) this lack of information prevents that planners and transportation engineers realize about the magnitude of the problem and find adequate solutions to freight issues; this study provides a good start of how can we shed light on decision makers to continue planning the cities, but now considering the movement of goods in a more reliable fashion. Thus, this paper contributes to this gap in the in the quantification of the problem based on a freight study and its findings. As an example of this, and based on the freight data collected in this study and its results, the local government decided to start using the freight information to analyze projects, programs and policies to improve freight transportation system in the Medellin metropolitan area. Although it took almost 5 years after this first study ended, in 2017 the Medellin Department of Transportation and the Area Metropolitana del Valle de Aburra (leader public institution that is the emission/ transportation authority in the area) decided to expand this study in three scopes: 1) Update the freight OD matrix; 2) Characterize the freight movements with complementary studies (e.g., large traffic generators, service trips), and 3) Propose freight policies to improve freight transportation system in the Medellin metropolitan area. The project is currently underway and it is a proof that starting to collect freight data and analyzing it could lead the public sector to increase the interest in freight planning that obviously will help the development of urban areas, where freight is and will be a constant.
Conclusions
This paper seeks to analyze freight generation and freight trip generation patterns in the metropolitan area of Medellin, Colombia; and to suggest how these freight patterns should be considered for future planning decisions. In doing so, this study presents the basic freight data collection techniques used to depict all the complexity of freight distribution in metropolitan areas. The studies consisted in an external cordon survey to catch the cargo entering and exiting from the area; an establishment survey applied to small and medium size commercial establishment to study the internal movement of cargo; and a series of interviews to some companies of carries and trucks drivers with the objective of precise some logistics practices and to have a more deep knowledge of the urban freight generation. All these surveys complement each other, and must be conducted to have a good depiction of the freight movements in urban areas.
As expected, it was found that in the Medellin Metropolitan Area, freight intensive sector establishments generates, on average, significantly more cargo (freight attraction plus production) than the non-freight intensive sector (service-oriented) ones. Moreover, the authors found that the number of vendors (suppliers) of the commercial establishments can be obtained thru freight surveys (which is not a common practice). This information can provide valuable insight on the type of activities taking place for each sector and to explain freight trip generation.
The analyses of the surveys allow the decision makers to understand the nature of the cargo and the generation patterns in different type of establishments. This characterization of the freight patterns is vital for the forecasting of the behavior of the cargo and it is the main input to perform freight demand modeling for city planning, especially for developing countries, where there are too many budget constraints.
Endnotes
1 A compendium of these strategies can be found in [1] . 2 For more information about freight studies, please see [4] 3 The data about trash and debris were obtained from information provided by the Metropolitan Area of the Aburra Valley agency [4] 4 For instance, the amount of freight moved per person per day in New York City is about twice (50 kg/person/day) than for Medellin Metropolitan Area [6] . 5 It is important to note that the amount of freight moved per person per day (25 kg in Medellin) is different to the amount of freight consumed by a person per day (about 1-2 kg) that could be similar in different countries.
